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(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a III group nitride 
growing layer which exhibits a good crystallizabilrty 
and good surface conditions which lead to the uniformity 
of device properties in a compound-semiconductor 
epitaxial wafer, comprised of the It) group nitride 
layer which is grown on a buffer layer. 

SOLUTION: A compound-semiconductor epitaxial wafer 
is comprises of a . buffer layer 102, made of III group 
nitride semiconductor laminated ion the surface of a 
crystal substrate and an epitaxial layer made of III 
group nitride semiconductor which is laminated on the 
buffer layer 102. In this case, the buffer layer 102 is 
made of a group 113 of single crystal particles which 
are in the state of as-grown, adhered to each other on 
their winding sides, and whose tops 115 are 
approximately flay or curved. The single crystal 
particles also adhere to reach other with an angle made 
by laminating directions of the single crystal surface 
(orientation), equal to or less than 30". 
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1 

tz\\ \ mmm^mw*^ h^j:i>j^\df^^->^-)umt^-^h 

mnSi^ i^i>it^t^^^^^ tf 5' # V ^ ;u -t? / N ^ 
rmim^-r^m^^mi. a s-g r own^^c]^■effl 

75^ a s - g r o w n«^,-e*SS:<0«/l:^fi(0:ftK^^ 

tr 5^ + -> ^ ;p ji/No 

[0 0 0 1] 

[ifew<osi-^j^t<f^5-s^l :*:ife?g(±> III mmm^m 

e, ^. J. tf 5' * V ^ ^ -a f t-^!^**^ tf 
5'*->^;U'i7ai/Nlc#^l9. III Slffilfcife^Sft: 

[0 0 0 2] 

[fi&*0|i#f] f**, WfeLEDtlfflv^ibtt^lll 

kf ^'*->-^';p'^ Jl/^^cj^^/»T(i, •<t-'7T-l'r (a-Al 
2 03*^^) mm.±iZA\x Gav I ni-x-Y N (ffi 
O^X+Y^K OSXSl. O^YSl) ^^ib^ 

±t:;Aia Gai-a N (OSaSl) ^^ib ^-S^^y 7 r 

2 2 9 4 7 6^<&^#BB) „ S1St-r-i>-^7y-f rt II 

K#tC*)^y'j*!> ( r B*^B^Bffi«^#teJ . Vol. 1 
J. ( 1 9 8 8 ) . 3 3 4 , K/N'-;/ 7 rlgli, * 

« t i f J' + V -v t ^S-^ ^ jSSffi-r ^ ^ t * 

K/N'-y7r^l±, •9-7r-< T^JiU<&^;T^S-&,^<OII 
I ^.Sft!^^?9E^ k:> * V ^ ;Hg * Mf&i- h ic * ;t o 

[0 0 0 3] m.^i)-h. /N'y7TS7>*:^<IBi-'<S^gi?F^ 

( rB2f:^B^Sft^^teJ , Vol. 15 . No. 3& 
4, 7 4-8 2H) o rifSSJ |git=x.t%, 

>'<>'7rST-*^t ^nr^/j 2 9 4 7 



(2) If S¥ 1 0 - 1 2 5 6 0 8 

2 

*<7)/s-y7TJl (10 2) ff)mft^±mi. ^<tX'i>$^ 
¥nnit (10 4) r-* I) , ^m^uU (105) (i-^Ott^ 

[0 0 0 4] I^B^S^-f y 7 T§l±. A 1 X Gav In 
1-x-Y N (O^X + Y^l, O^XSl, O^YSl) 

10 1 0 0 0 t:sK^</W4-?-:ixJ-:).±co^iat:fft)n-i) 
0{c*4-L, ti\.i.^iimi§LX'mM^ivx\'^ho nui. 

Vt^f}^h 2 0 O-C^L < (i4 0 OX:i)^h 9 0 0 t: 
(^B3¥4 - 2 9 7 0 2 3-f-, #Pg¥2 - 2 2 9 4 7 6 
-f-SU'^f^¥7 -3 1 2 1 3 5 0-^^ir^#BB) ggvM±4 
0 O-C^^-ibS 0 or (#M¥6- 1 5 1 9 6 2-?-5r## 

S?) <7)^H/i^ra^^tLrv^;z,o *aT-(4, <)o(fib5 0 

20 iXX^^h {T-fv ^ V y^-J^T. l'5'-X(App 
1. Phys. Lett. , .6_8 . No. 2 0 (19 9 
6) , 2867-2869 M) o tfz^ 
•y 7T»S<^«J?l4et^a> 1 0 nm- 5 0 nmi:»<!S5c 
$fL-CV^-& (#raT2-2 2 9 4 7 6-^^^«#BB) „ 
[0 0 0 5] ±iS<7)SP<1i^$tt^fJE*C0|^B^HR<0/<y 

^^t7a4:M.-^)i:, *SH^a^« (laio (i o i) #.bb) <7>^ 

S (H 1 O (10 3) #HB) :^g5^75f#^8lK«: (HI 
1«0 (10 4) #BB) T-feS$tlTV>-|, ^)<;5T-ib-l.o - 

t^t9, iSiaT*fi6:S$tL^^S^02^X7C«I^ (¥®fi?l 
'i) fi£«:6^~iEil$tt^ t^x-bixT^/Co fi:ia/< y7r 

@ji(iiSiar-iii i^<t!fei|i«f^e*fiK«-r-&*-&n'^ 

')«(tS*iTv^^«ff(^^»^|12tz^^?:6«j{-^ 

•to #^B^B«IMl*I(:«Ctt1-^mfeB^B*S (10 5) ^fiKStS 

t LTl&^LTtfigSS (1 0 6) l±, ^« (1 0 1) * 

40 m ( 1 0 6) (±i§i«-t--&fiess (1 0 6) t^asiics^ 

LT, ^75*T@4^i:;fc^o I13l±^« (10 1) iWS. 

-^^ii^^%mfmm.x<r>mk^\-~.Vi^^x < * < 

[0 0 0 6] t^%7>»|||^l±, #^SS<0>'<-7 7rS±'^ 
/■t y 7 TS^!e5ia<0«BiSBJ»TI-^L7t*&-^ti, /<-y 7 
50 Sia^lRiSt*-^O^ff-r.&^<0>"ty7TB<0tt.^.<7) 



3 

^LtzWM (10 8) T(i^B^B^« (10 1) (omm-f}^ 
jiM-r-5.0 M^j^i-^ff Lfc^^B^aKf* (10 4) <D-mt 

ig^ftLTtefl: (10 9) i:5;**^^)*'?>o ms^B^sfe 

(10 5) o^<(i-^<oi ^f^ffLT^m^^affii- 
ISa^afe (10 5) LTBKSi-^ffiftJft (106) 

li. $SB^^«75*||MLTv^^fIJt (10 8) -eti, 
-?-*)/h$V^o C<0«J* (1 0 8) XHtitz^ 

ftS (10 6) tiijiBE (i&iS) :^i6i{cat'c(c^«-t--5>«|Si 

r ^TCm±<r>G am^h^i>mtkSi<7>Wi^. G a N<7) 

Lfc«Jtr'(i, *^B^B«i (10 5) ^«tLTI§^L7^c 
ffiS^ (10 6) (±2^^7ce<;^rfiK«0«lffi^^LT«:^ 

[0 0 0 71 ±si<r>mK$¥^BV.''<'yyrmiiZXi,m^e^ 
^Mftt[#-#^^«<^^^«^0/FJS;^ffc«: ^) fz fj-To C 

V A- ;l^e<75BfKT-^) o l;- ^' ^ V -V ;K1 <D*® 

tcfyh (il?L) <0#^;6'g.ii)'bn^aiS<0Bf®«^BI 
t:*^)o CWJUfi'^v-ir^PB (110) linm<0/iy 
yrtS (10 2) t pj^<0»— OJ:.fcr5'^v-v;W8 (1 

11) tnM<r>^-cr>J:.\£i'^'>A'JUm (112) 75^ "b 

tt^p nS-g-^-^tr^fcOT-ab^o e-y h (10 7) {±, 
^^mm. (10 1) ±Hit«L3t>'< y 7 rS (10 2) 
i:m&ir:h^^^Bnmm^Lfzmi^ (10 8) 
)£-LT^i-f^e (1 0 8) T-l±. «:^|fi]^«** 

^ t ») ±iEOflllctt:yc<7)^S "b iS: * 
•f -J. o att^B^ (±51 V ^ izMS. L T^ft -r -I. 46ffiE (c -g- 

«i-^«s^*vh$<, ^ik^^nma^m mm tLx 



(3) 1 0- 1 2 5 6 0 8 

4 

a^^Xli, t: y h (10 7) n>X% /N'-y 7 (10 
2) t^~(r>:x.\£^ ^i,^ )vm (112) t;<>^'«di6-){: 

fc: ? ^ V •\' )vm (112) t /N' y 7 ye ( 1 0 2 ) (±liO 

-<7>esff^ 'k^-rz>mx'hhfzi^. wim^xmm'^^im 

(C * o T (± . m—'&Xym~<r) 9 ^ \ )Vm t T'^f M 

Mm * r& 46 ^ i^B^B k^wtj*?-^'^ l /c«it-e i± . m%m ^ 

tfj:.lf^'^v-^';Hl:$»ibf^${$tt^cp nS-g-Mlll 

<tt;4i«f*:^7fe^*^*- K (LED) <7)^j;l-'^|±#14 

tCibo-C(±. #B^BK/<y 7rgcom^!iJ; 
20 [0 0 0 8] 

/ ■« y 7 r g ^ li X. f b^%#^*ft; e ^' ^ -> ^ 7 / N 

®.^. mikx § ^ t #^ s ^ o iNb^ k#:75^~#i, tcm* 

-31 ;t- ;u L T i^Sfi, ^S-^co^ffif 75*#1, (i± 

-g-^J^rrt^i- -5 igSf^3^<7)-otcJ±*iBB^B ^ fc<± 

7 T^tififeftiaS^r 9 0 0 "C*Mx.^?£?gi:-r^ 

*igS7i^c>i:^/<y7T (i^«) eti, ''St^ii-h^. 
40 ^tf^ftffi-t7 :t n v-^r#x^v^^0SS:*^'b>'^'•y 7 r 
St LT^jgT-i^i: S;*t-C#/c (#^^4 -2 9 7 0 
2 3-^Sa^#||T7 - 3 1 2 3 5 0-?-&ffi#HB) o 
[0 0 0 9] 

mm,^m^iri,tzif)(D^m 
50 <o$^&n^ f> ^ 4 y 7 T e tcftisii- * * fc«-e # 
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5 

mmim^mi^^^ <b 5: -& y 7 r e t , m^<yyrm± 

izmm Lfz\\ \ mmit^^mt:^' 4- t:> ^ -> + 
^t^i^^-bWRSt^n^ f j$ k: ^ ^ -> ;u jn / X 

frfE'<y7rJB^fl|^-r-2,*igStJ(4, as-grow 

•y y rm'&m^^^S^m^mK as-grow n4^® 
[0 0 10] 

(Al) . ^-'j-t^A (Ga) , -f^v-^A (I 
n) *L<(±*>>^ (B) *<75^^Jfc< t Si 

-<7)lll i^M-fttf^^^frtOflltKi. afk*-";-://, (Ga 

N) . a'fbr;i/5-'!7A (A 1 N) ^-x-^A 
( I n N) 2 Tcit^ma*^ i>o ifz. mtr ;w 5 - 

■^7 A • A?1b% (Alx Gai-x N: 0<x<l 

(y.T, IHIC) ) . mtif')'^^ • -f Vv-^Ajla^B (G 
ax I ni-x N) , aftT;U5-'t7A • V-y-t/ASli 
(Alx I ni-x N) l?0 3 7EaS^aftT;W5 A 
• if')^A ' -i^V^-l^ (Ala Gab I nc N I 0< 
a. b, c^l. a + b + c = l) 4 tcSb^^ t'O 
#7C:?lB^75^~ab^o ^-^^^r-i-tfBd AU Gaf In, 
N (0<d^l, OSe. f. gSl> d + e+£ + g 
= 1) /i^'b'{)/-<-v7TS>Sr«^r-§;E,o Mt-. MStc* 

J-mot* (Tc^ie-^ : A s ) (7E*ie-^ : p) 

\z%t>^\t^f<-yyrmim^-t^^t-h^-x^^Z>o c:<o 
miSc<7)*vi^.7c«^-g-triii ;^Sftt>#^^^i;{i. fb* 
^GaNAs, GaNP. AlNAs, AINP, In 
NAs, InNP^O (III ) - N. • Vi— ( (III 

) Jim 1 1 mimi^-ro vitm.mx9\-<r>mvmitm 

^r*L, 0<m<lT-*^o ) T-i^g$tt;|>— o<7)||| I 
I ^7n#t-oo^V^.7C^?r-^tf 3 7c:*SB^Bd^^>'i><, 
Sfw. A 1 G aNA s, AlGaNP, Gal nNA 
s, GalnNP, BGaNAs, BGaNP. BA 1 
NAsx BAINP, BInNAs> BInNP. Al 
InNAs, AlInNP, AlGal nNA s, A 1 
GalnNP, GaNPAs, AlNPAs, BGaN 
AsP, InNPAs, AlGalnNPAs ^O^IS 

0^1 1 1 mitmtmmt\:.mt')>m<niSL^(r>mvm7t 
mi}-hfj:h AitWL^Hi^7tm^*^hi>^<y y rm^m^ 
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lo 0 1 1] 3|s:i§g§t:(±. ±fe<7)iii m^im^m^w-^ 
-r z> o #^b^bS7J> / < 7 7 t § ^ mm- ^ (± , ^Sb^b 

* rafflHO^-g-:^ R O -?■ ti t c Jt «^ L 

*lil?gr-(4, n-y 7 rg<0«fiStS«^{^*W#B%St(± 

70 [0 0 121 *i&^-e(4. /<-7 7 T^<7)«)£^*'ecb^ 
*«Sb^b*1^. y 7TScOfi!tfit;tt?it^i&Ki£H 

mi 5 0t:icJ?>v^T, *S*f^^<7)ffl^-4'ftlJiafZj; a s 
-gr i\-^%-Q%h^<r)t;ihho ^<r>m~LrWi-m 
§ tt7t^^B^Be<0*^ft:/S^ $ ix^ /N- 7 7 r g (4ie 

r^&m^^^c, ZixiztU^. 7r^±tci6Wi-^ 

1 1 1 mmit^^mi^m'T^mm'^y t o v-(oii.a-.;*><bffi 

^fe*Wifi-tL(i\ Vt^(OmS.X'nhivi,M^^^^<'y y r 
^j^ffi^ 7 * n v-*5-^x "btL^o CO^ffi^7*nv? 

*)<r)t«7e#n^o ^y 7 ^rms.±.\'~mm.h 

ti^^^FS-g-oa-fb**'; -^A (GaN) Ti^ib^^/^-y 7 
TmiMfSL-ri>m^imi,zir:b. Stn^i&:&-C<r>/<-y 7 
r»SO?i^^-C'{i, pseudophorhis mOlRil: 
'i^ h H jS LTtiFrank — van derMerve^O 

m.^ imn Ft^. ffl:!^ J&^«*, mm ■ «®m*j 

JO («1-«;S. BSfO 47^12^1504 fiSI§tf ) . 1 3 

■y y rm t<r>^mX'li^y 7 4 r t G a N<7)4>F^W^1ft 
i:4i9> J: •)±:^r-(4G a N<o4&^-rapgi;r6]ttT«^/5^ 
l^^fbLr/N'-y 7 T«<7)*ffiiffl-e(±G a NOt&^-ffiPglz 

(Ga) IF,^=-ngvM±S« (N) m.=F^^^^-t^B.^^-}l^ 

40 BTtfett-^^ab^o -<7)»4G a N:*:ife<7)1§^-HFBt;J5v^m 
^B^>'< y 7 r)St±-€-<0±{CMx.lf G a NS Sr^lt-S^i'^ 

'^fbi-^i^c*rtgl5{r^l:<7>5X7'f y hn&m^^tri, 
<Ot^o-Cv^^o C<^#»<7)@B^B^PiS'Offftt^Ofeli6 

tL ^ J±«M^ 7 * n V - tc^j? * O (C ^ ^ <0 1 

[0 0 13] ±fe<^ftJ<, /■ty7TlgSr«^i-^*^S 
50 feOfM^fi=«cJ:oT, «S«ti^.**l&#iJrlS;£.llHtco 
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LT (0 0 0 1) -f 7 T-f TM±(-fiS:ft$-tir>t:. a s - 
grown im^-^mz^m^ 1 4' o T ^» -i, ^^^n^<r>m. 

'km-^hm'^^i-^.hm.vciS')^ rm (102) 

iaSl 1 0 O'CT'T > K-7*M-ft*"'J '!7/.^ (1 
17) ^fiKSS-tTit'SJ^-kfJ'^ v-^-;uJl<7)Hff®T EM 
^<7)^^iaT-4)^o /<y7rB (10 2) «r«fi!ti--&# 

mfSa^atJ: (113) <r>^ <\tim-%%i)^w^m^m^^-n 
PiK~m\:-thm%mmM':>x^^^^. ^.^^^^ d i 

3) <r>Wm (114) ^JfffiM^^ctC^-fbLTV^^yt:*. ^ 
i^B^B*2 (113) <r>-^^«^H (114) (±fflM«t4 

oTv^^i^-g-Ti^^v^o ^^*Sb^b*2 (113) <0]IS1S<7)^ 
«S|5 (115) <7)Bf®^l^i±:ft»*'ct(±'toTiJ<b-r. 

-H. aft / ^• y 7 T ^ ^ /i i6 U fig^iSlS 

«r*-)8 0 0'CJ^±t LTfML;^:. iM*<OtJ#flC'^t>^ 

TISS ^HiTT^C. a s-g r own^t^fgr-Etlcm^SH^t^ 
oTV^^Sfb**'; -t? -7 r« (10 2) Jit-, 11 

0 OIDT'TV K-7'^fb**";'t7A)g (117) 
■^T^^ t: ^ V i: ;m<7>BfMT E Mft<7)«^EI-e* 
|B][Ilt:(i. ffifffiTEMftl^P.feOHftt LTatL.S> 

(10 2) (i^jiij^i^B^ie (113) -h-hmwL^fy-x 

1/^-2. ^ t(:^^:>() ti^v^o L:«^L, #^B^H*i (113) 
^Mt;*=f L T(a irSii:<of&it±*-u iSllfi^) L r 

-5>o 7 Tg7!i»<bf#e>tL^RHEED(tl±^*'v 

y 7TS*^ffM$'n^ 9 0 or^iSx.^ 
^SiSJ* (#^¥7 - 3 1 2 3 5 0-f-i&«#HB) X'^h 

ossr«^i--5,*ssiii<off^(i> 6 0 ox:mm<oji *) 
tzo ifz. ^M^m^is. (113) (omwinmikt^j: 

^(113) 0-&«l?®Jfi^A»<bfl^Lf^|E& (1 1 



(5) #P¥ 1 0- 1 2 5 6 0 8 

6) AHUim-^^lZ^mLX/^yyTm (10 2) ±(0 
fflfb#'J 'i'A^g^ (117) <7)^®(cSi.ife, *iiL 
T>/^^Ci:T'*)'i.o tf^, 15(5: (116) Am^m (1 

1 7) <r>mmizmmLfcmmi,zii\^ y h («b7L) tj^bsk 
$ 4' i: $ CO >! (omi.~^^^mm ^^^-r-i. 

^B^He<7)^^s*:,5.'b«^i-^<7>-c-(±^ < , *«Sa^Be^^ffi 
mzmmiS:mtLx^mL. ±ij'^Am^i,zi^m-ti> 

[0 0 14] ^h\--.^^m~^,t>z,^m^m.<r>^^m^ 

<7)^B^Bo:^fi:*S9o 0ilx(f, ^B^B^««®±:^---<7># 
le^ij :^ e (± . ^ tf ix ( f it ^T-^ffi^^ t f ij ffl -t ^ 

^S<»*f*ft<7)-ttr-^^IBf®TEM (Xr a n sm i 
ssion E_lectron M icroscop 
e) mr^i-h^^ (ffi) \l^<r>mMi)-h^m~tmirZ,Z 

t-h^X'^i>o m o(±, r>*-T (NH3 ) 

iO (N) mtL. V') ^^)Vif^)<^2^ ( (CH3 ) 3 G 
a) Sr**'J^A (Ga) igt LTfiKftiaS?: 6 0 OlCt 
LTfigK§n;l:Bi(¥^^5 nmt-r^aft:**'J -^A (G 
aN) /N'y7Tg<7)Bf®TEMlt<7)^^llT-*;|)« /^-y 

7rg<±sii:ffif®*«sa^^<!:-r^*^B^Be (113) ^ 

B^B*2 (113) I^SCOt&^-ft^K^^-S t^B^B® (*&^ 

®) (1 19) , mm. m^mnnm 

-^jiiLA^-^yr^rm^ (10 1) <r>mmzni-x-sL'-rL 

'^m-^tlX^j:\'^<r)i>mi>o BP*,, *&^®**S)SLTV^ 
40 (119) /6«2^*^<7)S^E|fi]:^e^^-r'{>«OT- 

*oT, 'i:<r)U^-}j^(r)immt^=f-mi}^m.m\^x^^i,:}j 

Ifil (119) «-^-rt&^® (t&^ft) <^ft^*»3cMi--5 
I^O^IJS ( (12 1) UJIT, ^M^IlSt^.1-) *<)o 

T^setuc^^ii^o >i<o^)SA*oe-e*>it(fmsB^BtJ 

<^^^mxm-rii<ot-t^o mi oizmm$*ii>M^^^^ 
^(Tymmi. ^<tx-i>-mx'i>-z.x. m^^i&mm 

50 'Jr (ftHH) *'xc55£fitcj:oT^'fb-r-Sio-e*-&o 
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9 

[0 0 15] ^^mr-ii. ±u<7)^m:nm~m.^^m^ 
III mmm^mi^m<r>M^m^BitiiSim-ri>t.zitx'i> 

^wi^^^^tr^b^fi, /^--y 7TS±(cfiKiis-r'j.iii mm. 

ho I117ti^i-in<. f&ia/N'-y 7 r^^1ffig1-^m$£ 

s-g r 0 Ki^rtt:afetl.lf , ^jST- 

^fflS $ fL^ ^SS {::o i,^ TO X R C ;feT- j||5e ^ n ^ E W 

<r>^± t * t;le(6]tt<o*aj»l±^^ t-S'iss l tb£|pj14(±b& 

Sfig;S^*^1#e>^i.5.cO-C*-5.o — 3 0S?r:^#i:L 

[0 0 1 61 ±seOMI ^fk!K»#a»#:*''b 7 7 
VPEfiStftftTi^flJffl-C^^o ttz. 55-^^^J^k>^v^ 

(MBE) ffi^ft^tr-Aitr^'4f v^;!' (cbe) 

*tS#ig (MO) MBE^O:^**;t'5>A*<'^-mt"{>^ 
l^(±^v^o Cit'b<7)«ft:frfetCiK»)MI ^ffciBj^-ISft: 

10 0 17] ^w^X'it. ±ie<7>iii w&WM^^'ii^i)- 



(6) If 1 0- 1 2 5 6 0 8 

•y 7 T^^:«B£-r^(C(i. Tfe-ffiScftiaS?:, ffiJt^a 4 0 0 
fta«tC'{>'CKff LT^ffc-r^o *^J4 0 0'C*><b*ij5 0 0 
♦^|-<75tt*&Jt (f*i£i-^§ffflV/ II lit) iZ-fSoTt^ft 
=^0f7t<>«0T-**o 5 0 0'C^ax.i5i3J;-e6 0 0~ 7 

tz, iS5v^fiS::^iaST'^)^ 7 5 O'C^ffix.'S. i:A*£4>cco# 

•r lltt«<0*i®SiKJ±*® fig -1. ¥it ^ ¥JH 

S-ft**'; 't'Zs/N' y 7Tg0^ftiaiSt LTJ±*Sj6 0 
or- 7 5 orA^^tft Uv^o 

10 0 18] Jifeo#{c^ffc*'>;'!7A<0*&-&, ffi:i£<7)*ij 
4 0 Ot:- 5 0 0'CII<7)S)SteHtcS$-v>T^)#i^B^S<± 

30 iimik L fzm.^j:M^^^B^ t M^^^& t Lfci><7)t 

Ji-So ^6 0 ox:-m7 s o'c*^*?* L«/»^ftia 

Wi-:>fzM^m^B^txiijmiz^mx'^ho Bn*>, *-<7)«fig 

ho M^m^mm^fi-h^mii&m-rh&fkmtLxnF 

m-rhzt*mhfix^^h ( [B^^m^mm^^^^m , 

Vol. 1 5 (1 9 8 8) > 3 3 4 M) o ta&oT, ^— 
<r)l^mi}^ htah mm^B&H' <b / < ■> 7 r e ^ ^^i" ^ C t 

OteHh-r^C tT*i/:<b$tv^— o<ofiJ*T-ab^o H 

1 1 (iffisiase 5 o'CT-c®-»)-7r'f r«« (i o 

s<7>Bf®TEM(t<7>m^iiT-*-5.o raiau^^ti^aj 

<, /<y7r@ (10 2) limU<r>JimMi^W^t 

(113) co*^#7j>c>fll^$^xT(.>-&o :fta«c#iSS 
(1 1 3) <7>«^SI4i<Ofi£fiiS)S-C(±iJ:fcJ:-?-. 1 5 
±y;t-9 (nm) ± 5 n m<OteHf*?J-^)'i>o -<0^<S 
50 (±«fiSJSIC±{-|S^?Lr^fkU, ffiSia«S:ift<-r-& 



11 

-^^i, sKfiiSK ^ < i- ^ (-# V ^iii-|lf6i u ^ -fsi 
[0 0 19] ±ie<os^i Lv^^si£*«H(±a^t:**'; t7 

(A 1 N) 7j'«b«figi-^t^-g-. ftPiH/^fi&S 

Aiamu^ftui^e 50t:-i^8oox:i: 

it^o T;V5-'!7A (A1) t ^'U -l/A^r^jjK^^t L 
r-i-tr 1 1 1 ^2ft!feilfa*it#:3i^ <b /-c y 7 r S 

tC'fVv'i'A (In) 5r-t-*i-*, •pSxJf^' ^v-^Aji^ 

tRI Sr^lf ^(f 'T > V A (7) K- kf >■ ^iSkSt^^m 10 20c 
m-^-eabtiif. «f i Lv^^gajS(i«tia, 5 0 Ot- 6 

0 OVX'^Z,. 

[0 0 2 0] Sl;#^Stic0iE|fi]14^-i»i:-r^lC(±, 

m<r>mi^itx'i)^o m.itif')'-?^ (GaN) ecofigsi; 
t^^^x. nmiSLitm<r>m.nti,x—tkmj:T>^=-T 

(NH3 ) t h ^ f-^l-**'; A (TMG : (CHs ) 
3 G a) ^<7)*1t*"'J '^'A'fb'g-»^i:'*Wt--t*tlf. V 
/ IIIJt(i^S,^J-tt*&S-tL^ h "J ;<^;U*->J AOM 

ffi ( (GOOD ffi) •'f 7r ^-T^r^lSt LT^ft**'; 
•:7A7ii>t>^^/x*y7T^^#^*'^. V/ lllit (T> 
•^^-r/TMGflt^^it) S:«E;ia. 1. 5X10" t-tit 

«iSLffi:S$n. iori^-«7)E(6l14Sr'{>o/>:^M** 

ff^fig ? ftl. t^figS3SJ^*ff Jtii ? H i6 1 «^ Si tL-5, o 
[0 0 2 1] ±iecOEl6]14Ji^«^VM±Jie5'^->^;u 



(7) 10-125608 

12 

-HI M * S 1^ ^ (c i: -r -5. If I- ge?iJ L T V ^ tf ¥Mfif) ( c 

?ijLTi'^^<7)<^t:(i=fc < , m^xmfwmwi<r)f^m-.^m 

Eft $ tt. B-OlilM Pfl <0 Pf.75«5& < *^B^B*i5&^~'faS 
[0 0 2 2] 

mmm^mm- <b -5. e 5' ^ -> ^ t $ 

yyrm t^M.m¥m^i<r>m.^m- hta^. tfria/ < -y 7 r @ 

^mf^-thS^m^mt. a s - g r o w n^^,^.-effl5:{; 

<7>/s-y "7 r8 ?:Wfi!ti"^#fpB^t2^^ as — grown 
4^cB-CtB5:ome:^12:o^|JSM^ 3 0«J-J.I*li:-t^^i: 

[0 0 2 3] 

7 A (GaN) /^yyrm^'^i-f&-r^m'^'tmKLX. 

9c-r^^miz^.iyi>^<yyrmiimi-^o mm^a. 
m-fi&ii (0 0 0 1 ) tiri,cm^yr^rtmmL 

fzo l£«(iiia*5 Ommti-^HJ^t^aboT. J9$l± 

^3 3 0 mr-*)o/Co >1<7)^^I4C Zffir-W)£$iX7t 

imfzm. 7K*^!/tf ■CT--;!' (^iMLiSt^ats) $ 
40 ^Kf t7K*7K/®^7K54^ ^ il-g-f^jST-^iar-^^j 2 53- 

[0 0 2 4] «fesf^. 

S*^r^f,-r^:^ 

(-) 9 0*C. r-->')I:^?:*Sjl k g/cm2 t-f^ 
T-'pa'v^-xt; i t), ttd5-*^j5 U y h JKOjtS^ ^> oT 
^^) 1 0^m^%. (y^°- V : purge) L^'-o -f-of^, 
50 jS:Si^'^OTA'::*'>*';^Ofitif&«rt!fihL, RJ&^rt^rffi 
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>M^^''yy'-v-m^Lfzo M^mm-osx i o-^to r 

X (-) 9 5t;i:-t^i§5*£S***';^*}/tiiLT> K^- 

o^m. m»m3 v y v)\^ff)=MWi'b^r 
[0 0 2 51 *fc^f^, Kix:-m^m^-t^7Km<?ym&i» 

mim.i^&Wi^'o^-r. m-^mt lt4 5 om^a 

m^i:f-mi]mLrCo 4 5 0'ClC*Jj2 O^FfliS^ 

stc#jaLfco m^siastciijjt-r-i>i^oia«<oj§a 

[0 0 2 6] 20 rt$«Sr*D 1 0 V y h )l' 

r v^-T^^-ft^-tiTTtr >^-r (nhs ) ify.^m 

^•^K*vt*t1- (-7X7 0-=! > hn^ - : MFC) -C' 
#^ 1 . 0 0 U y h ^l-OsiESt-fll^-l^SIJW LXS.f&m\iZ 

m^t^Lfz, mm (n) Lrorv^-Tj^x 

A (Ga) tt^&Hfl-i: h -^^A ( (CH 
3) 3 Ga) iKUc'^K^fl^LX. ^itif')^A (G a 

N) 7 T^cofigg^^i&L/^o h 

L 7t |B|%Rco«rlEOiSaS7K« J: ^ ^ 

$^J^s^<7)^l^a^t^;J;oT-7'f:^7> (-) lor+o. 5 

X:\z%nLfz. HfiSlc^Hf ^tvfciSt^th 'J 
'i7A'\<7)7K^/N'r'; >^^*';^toStl:(iMFCf;J: »)^^ 
3 5 >; u y h ;u (ml) Lfco ±.u<r>r > 

^-ri^iifemc h ACT)/ N-ru 

SiaSsfemcv/ iiiJtT-C2 o^RI, WM-ff7.<r>mi^ 
iW^LX^!Mim& 8 nmt-f SSfb**'; -^A/N'y 7 

[0 0 2 71 •9-7T^'T^±<^±ie«0^ft«r'{>oTfiS; 

m'y^''^(r>m>iiT)\^::f>>(:i->immLfz— 

tefi^^-f — ^ Vi'' (ion-thinning) 

SI«-fflv^m^-li^-Atinam]E*-2 0 O^n.-KA'h (K 

V) tLT, miiimw.^^x-/'(yyrmmm<7)^mm^ 



(8) WmW- 1 0- 1 2 5 6 0 8 
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mtmmi^^^-it-ri,z^-mLxm:s.izmmizm^Lx 
-^y r ^ Tmufommnm^mizm.'o^ 

#*SBliitecoS5$, BP*>. ^^yyrm<r)mm (*5j6 8n 
m) lznLX±FL, 3 nmllTXf)-ofZo Sf-iMU. 1 

L T*^ IStJ^ 2 S<7) ft S ^ i O T V ^ ^ (7) ? 
/Co L^-L. t&^Mco^cMftS^*^ 1 S^^'b*^2Si: L 
xm-kLfzM-m^&.O^M.Umi^. 5 %tc ^>?||7titv>^(> 
ffiX'^ofzo •r^*>*.3^*S6«ail l-fBfg<7>^ffT»~'tKit 

il-at)>tlE|6]1t^:*-r;5>*l§?gtCifit)-2) 
*@S«:75»'b^-5)>'< y y rS^^a s - g r o w nR^.T- 
20 ^mx^^Zt^m^iZ^Tf^^tlfZo 

[0 0 2 81 (*Jfe15lJ2) *^I±J; f)*^l 0 0 0- 1 5 
0 0 ^ j< - h ^I'TK*! (mm H2 O) tM;*'lcj®)E$ 

•Jx S'fbr;p$^>j>A • -^/^ (A 1 GaN) iiB^*» 

ib>t^^<y7r^Srff^BKLyL-o *«i:i±. (0 0 

0 1) (Dcm^yr^TimmLfzo 

*g;fefW^$*l./wgS*5j2 5 mm, fi*^; 1 OmmOS 

:^B<0^>C0T\ (l$(±f^3 5 0 //m-e*ofco 

iO ®J!)DlSO=m®W)g«:S;tf^, 1 0 0 0"CS:)®i.'i)ia)t 

2 5tWx mWL^j::^^h^mLfzo *«^M$!LSf^, itS 
J/lStI^I 8^*-:*--A (Mn) ti-'i.SltTK-e^^t-TK 

[0 0 2 91 m^m. -hiao^wsice^v^ssiaa^it/t: 

smmizAw-izs.m.^tifzmm.vim.^ ("^t-t-fif-) <d 

40 mi^'iM>\zim.\.fzo im.\k. wsi&'(pn^^m^^\z 

J: •)«SS§tLfcg,^.^*J>-7>i':>-X (-) 8 5t:i:-r^a 
% (N2 ) #;^(CJ: : p u r g e) L 

-r**?*), nm<r>i&iT7.mz^mmm^i^\^fz'»^ 

Um£'^^6\-\^XY-'yELtii)'^mQ . Tkg/cmM: 
PS^*t/:am*-x^^^$ij3 V -y \-)V(r>m.m.^^'^X 

S^.-K>yT-smL/co X^S7)**^J5X 1 0-3 h-;!' 
(To r r) \Z^\m-ti>=&m%\^. ^<r)%'&mz^ \ 5 
50 »W«»L/:„ ftfe^f^, RJCu-<^«rK^(CS^-r-&/:*<0 
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75 

if 7. ^^%i)-hf^^ V A -ffi-&-^SBIiS«:^r^T-«K 

7. (-) 9 8t:i:-t^i^*6«7K^*'X(;^i9^x.fCo ** 
7.^m^^,^fz.\k. Mt::#^2 0^P4, ^«-|^3 y Y )\' 

[0 0 3 0] »=^f^. Rl£-')^-~-#t^.^-t-^7K^<7)vrL»^ft 

SS^PrtoE^j^:*:^)! J: •) ^^j 1 0 0 0 5 'J ^ - h 
(mm H2 O) fiv^JEtJi: LTto RlE^'/POj^K 

^.(nmmtdL^'mi)- ^ 7*n 7 - UJ; ^ Rl&'l^ 1*1(0 ^'T, ^ 

\~K-n-^^zh^%>^x^mm\'^fm'Ltz,> ^jfv.z. 5^ 
wj&'%<r)wm\z.w.w\^fzmmm)-hmm. x^tzi^^^^ 

^rS^-*=3 {W-kMWi9i= 13. 5 6 j< # 

^;i--y (MHz) ) «t»^enSDL;t:o ::ttj;i9, fga^ 

5 Ori-^ia^-ti:. ^«*^fiiiDI?iL7t:o 4 5 01CH*5J 

2 0 L7t:m, »^aPti: X^Xim^&^X^ 8 
0"C<OffiftSKi;#iaW7'-:o 4 5 0 X:co^«^«i)P».ia 

fz. 

[0 0 3 1 1 2 053~P^Siif*. rtSa**^ 1 0 'J y h ;w 
fc1-^T;i'5-'>A -^^SS O V JRSS jKf t 
T>^--T^-^ftS-ti:fcr >^-T (NH3 ) 
T-SKScililt (-7X7n-n>hD7-:MFC) X 
^53- 3 . 0 0 y h ;KDiiiE*irfflS-lcSlJi» L TMId'J^IC 

tti^L;to ^fff (N) Lror>-=e-T*-x 

(Ga) m^WMtLfzh') ^^)i^if') '^J^ ( (CH 

3 ) s Ga) SI>*t;p5--:7A (A 1 ) 
hU>^;l^r;W5-'>A ( (CH3 ) 3 Al) SrKSiP 
t-gt^Lr. Mftr;P5-'^7A • *-'J '!7A (AlGa 
N) ziS34^'b^-i./< y7re<7>fig««:K$&Lf>:o h -J ^ 
^ ;w -^7 A ostD^-vo #t#&{± x-f>u;^SISyN'r7 
- (UrS) $flUJRS^L^cl^^KcomifiOi«*EJS7K?^:<r 

-SSI±«^^Sir^S;Ofiia«l-J:oT0lC± 0. 2*CU 
•J ') y h ;U (ml) tr«^tC®J«) Lf-To h 'J > -^^P*'') 



(9) 1 0- 1 2 5 6 0 8 
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Wim?f^i,-mi}aLfz^ TK^-'^y; >^'**"xoiji4(±tt* 

3. 6 i y Y )i' t LfZo Zcr>if')'^l^m.l>lzr»^S. 

-■^A;i#<oftt|&jt^-^(;i^l#L4-75'^'b. 2 o^rat; 

•>A4iBS:it* 6%i: L, mW-'S: 7 2 i- y j( - (nm) 
ti-^A 1 0.06 G ao.94NiftS7>^f>'t-2>>'^''y V r8*t# 

yo [0 0 3 2] [^•^J^/^<oaBM■^rr;^3'>^^>^fl]fflL 

jjial)^ 'f :t>-> — 'f>^'' (i on-th i nn i n 

g) mizxt)mmitLMk. -mm^mmmm^^wm. 

tci f)a^-e-A1)Dii«E* 2 0 0^n.-K;u b (KV) 

mLfZo mi 2lcif®<7>a®«^=-gim^ftSr«^fi5{C^ 
•to ^O/N' y 7 r« (10 2) liWf®<^«(S (122) 

^m^mm^h(7)±ij<7y:Hf^{z^it-t^^m^u^iL (1 1 

3) A-hmf^^flXy^-fZo *^B^B*2 (113) OUSPco 
^ISK (115) itnm^t(i^j:-oXiohir. trL^^ 

^LXf£^/-<y y rm(r>mWiziif^m^<r>miS:-^^^j: < > 
(C. ^^B^afe (113) ?r««-r^t&^-ffi<7>eE(fi]14*^ 

-ti&^f-mm (12 0) (113) <7)@B^B 

^^®(±*«i:<7)#® (10 3) {Z5:vn::(Jl?¥=fTt::E 

?ij$nTv^/^o K»i-;i>*^B^fs (113) <r>m:s.miz 
n^^xi>^lF-mm (12 0) (±(i(r^^ft;se?iJLrv^^ 
30 (r)^m.it>htifzo M^^^^ms.m\,zn^^x^m-nst:^m 
im^m^^<r>(mmxi>^fzo -r^*?*,. **ife«ai2 

me«<0#lfrT{;'(ifeti.lf, t§-^ffi75f|i(?¥^f t '5:-^.«i- 
m-t ^:$:^mi,z^t>^mtr s. A ■ ■ff>)'yj^m.^ 

3i^e>^^*Saie*»e,^:S/<y ^rSTi^a s-g r ow 

nikmxm:mX'^fZo 

[0 0 3 31 mmm 3 ) '^mMocvDm.m:nmzx 

»)-f>v>>A (In) i h'-}d>7'Lfzmit-ff') '^^ 
(G a N) #SBliJe;*>'b«^$ni/N- y 7 rS^f^^L 

40 fz. mm.tLx^mMitie.tm-<r>fm. mifiir^ m 
^^^mzmMmimLfz'^ry r ^ nmmLfzo mc< 
^mmnz^VLtm-n^mtiy'^x^ w^i^ y-y 
mt A <;> -s. / < y 7 r e s- f^^-f ^ m 

[0 0 3 41 ^<7)f*, 1 f£«l<oajk*''; A/< y 

m^Lfz, i(r>m. *igP9iIE«<o^ftic^M^inix.fc 
»]«(4 (1) figgjassyf (2) ^v-^A^o K-f;> 

50 *i-^/<'y 7T8*?Bft1--&C4:^a?gUT, HiSWl 
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(litL 5 CCf&v^s 5 ort L/Jo ttz. ^y'J'^l.n 

- e > «rSg,^,|*jU?3^tnii--J. ^ t * o 

iSLfco -f >- v-^AO K-t: >r?gt Lrii^-fe-iffi^ — 
ai:i-^->i'n^>5' vjilj::.;!.^ >v^A (Cs Hs I 
n) ^^mi.tZo ClO'f xv-^A K-k°>i'*?f.'i>**'; 
A S O-'T ;i' 5 - -i/ A dfl-fltif&ii t |ij i; < X 7^ > w ;^ ^« 
<7)'J^M^f§$S[*lt;i|XfflL. |WI^f&fflSfll±«Wllia 
tltiJ: f) 6 0+ 1 t;(zfS#Lfco 

if7.i^^ \ 2 0 5 'J 'J y h>K7)»£4-r-^aSHi-/>:o C 

OS{i^t|j^:*1-;t:iC>. MF C (c J; i9 -e^OiSaS^riit^- 

3. 0 0 >; y h-iUCMFClzJ: t^W^lcfir^Lfwo J: c 

V/l 1 1 itli^ 1 . 9X10* T-abofco Cti.'b<0 
2 0 5tPfl$tif L-C, |JJ6 0 nmC0(p^O/<y 

[0 0 3 5] ^^7h-^<nif')'^2^m^WMt^ 

K - k* > ^yi^^^-Ofit^ ^ (fit L T ^ > V -t; A 75^ K - 7' 

• T)i^:i)V^^^Mn^ (ii*5->J I S-K|ft^*t) 

oiasit^-ll***^ 5 0 CCt ^o/^^,a;r-r v-t-r*" 

[0 0 3 6] ±fEO«Si-J: l)f^«Siitfc-1' >v-!7A K 

lis IMS (2'^'f ^>S«59-*fft) UJ:»)*f>6xiO 
'« cm-3t^g$JX/-o Sia (2 9 1 K (^r;Hf V) a 

, mmMw^ (7 7K) Rvx I) i&iao i o k-c- 

jB5cLJt7* h;i'5 7-ty-t>x (PL) 



(10) Ifga^l 0- 1 2 5 6 0 8 

m.<r>m.it *' 'J A s cKS-ft T ;u 5 - A - >) A 
"b ^ / < y 7 T Jg (7)i;i ^ t t&^-K?iJ <?5^ff 14 1 ; V ^ r 

70 A • ifV'^i^^<yy rm<r>m^^tmm~^j:fzh:^-^j:m'm 

:ikX'i)-ofZo LA'L^j:-A'h. <&^2 0X10« l&Oi 

mmtimmLfz^^r-ii. wm&m<nmitr'm-si± 
i,z$>:hmm^&<r>^mmi6 h mzo ^w&mf^z^^^-t 

[0 0 3 7] (itfciJB 1 ) ^it^m 1 -Cli , ^.i^Wm fi^ h 

20 mi. *«Sp1itf±=5:oTV»^V>/-C y 7 rSOtf-^t^tlt 

^^Xi^L^^o ^Igfift* 3 8 0 "C t L. -?-tT.JiLi'M±-h 

Kd^&TLfc/c*!), iSL^nwi.mmmitm-t\,xi> 

%hi\.^mWii2 . 5 nm\iZm.'PLtZo RHEEDffiife 

if ® T E Mft {C J: 1) C <7) / f y 7 T ^ O^alitt ^ fFffi 

L;to BfBTEMStZ'K<2>>'<y7re=Sr«^i-*8iai« 

«:T-ab*t#lftfi«){cW*f$tL-So /<y7rg<0« 
®/6^«b|#'btL-E,RHEED/N-5'- V{cai^1-^<0(±, 
/vt"ilfTiR<7)<^iT-abo7to i*oT, ^<0/< y 7 T^(±« 

50 <0/<y7T«i:nfllT-*>-&i:m5:$*t7t (#^¥2-2 
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2 9 4 7 6-^, #M¥ 4-297023 -f", 6 - 

1 5 1 9 6 2-f-S.JF^S¥7 - 3 1 2 1 3 5 0-^^:^# 

(0 0 0 1) —^yr^ rmm.<r)-umiitx'(±mmiim 

/Co 

[0 0 3 81 #fei- * (c:*:it«15lJ 1 J: <9 Sic j&iao 2 0 

Ot:75^f> 3 0 O-CSiOFalOjaST-ti. 3^f|B^#7)'Mtf L 

-r tojRSt; i 19*^ 1 0 o'CJ':Ji±<7>ia)S-t:-^)Si--5. t 

$tt^^ >5i.T 5 K (G a (NH2 ) 3 ) 

(I. A. SHEKA. I. S. CHAUS and 
T. T. MITYUREVA. " THE CHEMI S 
TRY OF GALLI UM" . Chapter 
6. 1 3 3M (EL SE V I ER PUNBLISHI 
NGCOMPANY, 1 9 6 6) ) ^v^tiifc 

-ri>mm (o tt.m (h) t^-'j-^A (Ga) tmm 

(N) t*#tf [C-H-Ga-N] *°')-7- (J. E 
lectrochem. Soc., Vol. 118 ^ N 
o. 11 (1971) , 1864. ) O^itft^tmr- 

f&-t^^n-AH^ixX'^ix^ 3 0 Ot:JtJlTcolB:ia-et±#*S 
10 0 3 9] 3 8 0X:r'&m^-^tz±U<7)/<-/ y rm± 

tc, 110 orr-T^ K-7"aft*"'; AfiKftS^j^T 

mL;t:o Ell 3f±tfy h ^§^e<7)%^i: . iSiaoBg;|»:a 
*r*l^«:iin*t^*-rir®TEMft-e*^o 7 rgO 

S<— SBIi (GOOD — y-^T'f r36««ffi±tCa s 

-g r ownm<r>i^rBMmi^^^^ttj:<.n^LfZo 
(10 4) ^^^KiaSOji^tCJ: t9* 

#:(12 3) (±^<DttiLmzn^LfZo /<-7 7r^ 

(10 2) <nmf&mm^im^'^zm^Lfz$^s,ni^ d o 

4 ) tf'm^<r>m.^ (12 3) X-i>ofZo a s - g r o 

w n^mx'{m^B^m^^Lfzi><r>(r>. ^ftss-^o 

(10 8) T-li, CS-t^T'fT^^tzSE^c 
^fitt:^|6j-vOgtfi*tg»i: 5: >) , SiiS (1 1 0 0 TC) 



(11) 4tBa¥l 0- 1 2 5 6 0 8 

20 

X^m^^tzmtif') ^r^^m (1 1 7) rtC:^^^^ 

OmiSa^Btt (118) TS^gLjLLTV^Tto m^B^aS (1 1 

m^sstt (118) (12 9) ratc(±^Pf. (e-y 

h) (10 7) T^sffftLTV^fCo ^<r>mn (10 7) 75? 
^S1-^(5:M(;ittL:-LT)5S:ftS (l l 7) h (1 

0 7) 75*11^ LTV^fCo tfz. M-mWm^i (118) <7)^ 

«ffl5 (13 0) ^mfSL-r^nm<r>-mm (i a i) Tj^iim 

LTHMLT, WL^m (117) i:(±. ^® (125) 
10 ^^^^-thztty^^itzo -<7>#U. P^Pf.S<v^(±^|ec9 

«b4^75>o7^Co ^l^-r.2>{-, 'iit^<r)mWL-h-h^£i>^^ yy r 

m^y^mt-^hm^. -hisconitt^icD^^tcjtKL 

[0 0 4 0] mmmA) :^mmmAxit. :^^mr~^. 
t>^^^yyrm^m^tz\\ \ m.m.im^^w<o:^ 

'y^y^t):i-f^i)^hm^^kity^-^-Y (LED) =Srff^^ 
20 LTto pfe-r> LEDffl^OJ^tf5' + ->^;U>:/J:.>'><7)fM 

*^ z> fz t>(r)im%M. «t> T'<7) T - - # n fc« 

(±^«MMt:^MWS^JfeL;tB#.i±r-r'f^3 8 5 fx mr-*o 
ffiO®ffiSffiSO(6] Jiic J; o r l; - 5' ^Oinl».#:«® t 

(0 0 0 1 ) fc-t-5)CM-eab-£.c l^^»±7 y-ft 

10 0 4 1] m.mi'i^x.tz^yr ^T^WLi^m^WJim 

m<r>m.f^yv- Y<r>ia^mmiisaT.LV^m\^tziT7.jx 
Lfzo mtT)\^:f>i}-h%it\^tzmz'9t^^ 

40 n*> ^If* 5 y h )V<Dm.t.i i o T :^'X y X;UF«3 
imm^^XR.j:E-mn^z^^^\^fzo cixtcJ: 
iS t:«pfe» T V * fitjf^i- ^ i: ^ tzRie^Prt 

(±x (5'!-^ (*^) <7>Rt&*^rt'^OiftA*l»lli1-^/c*!)<0 

wm./^<-^ymt^mx.fz^ >9-uy 

ifeL/:f^(cKl£.*Prt'v^ALfco ^KOtztb. Rlt-^rt-^ 
50 2 0^raO7^=''>'**>^(CJ:^Rl£.*Prt<0>'«-v»f'^*?- 
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7f^(i> T ;u =7' > if 7. *7km ifx {Z^^ L Tfi-t, tc-»f -7 
[0 0 4 21 :^f;^y X;L'^^hLTR^D')^rtUi)£ii1"'i)* 
0. 0 »; y h^l-Cffi^'tiMffllL^^^^^tb. -^)-"7r^7^« 

ov-ei biitfumwLfzm. 6 5 ox:{z^^Lfzo 6 5 

0 1: i^zmm L /::af^cOiUSi§?it7^>^mJ&^ L r 1 s ^ 
f^. :^m^*y^iKfZ^*Pizm^X-t^fzib<7)9mi/4^> 
•^0#fl-p°#3 1 6 L>^-r > U Xii^jx-rgei^rttCT 

©JI»prSg^S/N)E»?:«:^vtl:02%<hi-^MFC 
(ij: J)ft5t2. 8 0 u 7 b ;mfiS^t;©jfSiL/co -:^<7) 
h V > AliS^i/t*^ 1 0 ^ U U h 

3 . 0 0 ^ 'J y h )\^ifZmy9^fifzyi^^if>^X*/<y) > 
V-t^Zt^iy-^xmikLfZo V/lll Jt(il. 2X1 

fZo 

10 0 4 31 \^-^f^rxntzT y v-^ymiti^') 
/<yyrm<ommTEMm(>zi^^m,m^^hi±. z(D^<y 

h(7>M^^^Bmm:s.i,zmm^j: <m.^(^z^'mLx^^ . ^ 

^B^SfflSO^g'^ffi («^#®) (i (0 0 0 1 ) --^^7 

19 3w i tt/cS^- kf - A * /A' y -7 r « L T 

^ #*^B^at5:tI.HSj:f L raft ^ itfz^M^^^n«L(DmM^ 

ffi ^ -r ^ / < y "7 T S 4^ ^a^O SB O R H E E D m Rff^ 
7t ^ y 7 r S OS^^SB:** «b R H E E Dfgr- 

rm^i^tLXii^m^BX^^Ztf)mU^t\^fZo fiP 
:$:||JgCTOgft:**'J'!7A/N*y 7Te(ia s-g r o 
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w n^^tl^.TKl-. mitif') ^ ^(DM^m^Bn:^m:s.{z^^iz 

m^LX^^^Mp-m^Brntf^-^X^-fZo 5E(-> ]i5<S^"t:^ 

^^jizLx^mLx^^^^zttmmLfzo ^^mm(o^m 

[0 0 4 4] mitif'j^i^M^^^Bm^hmf&'t^^'^yy 
^^tsi^m^<y^') > ^':^^:^<7)flt|^-^f?iht"^ ^ ^> o 

0 . 0 U *y h ^L^^-^b^^^Ott^J^S . 0 0') y Y 

5. 0 0 'J y h;K7)i)fL*^^>oT?^JnL. ^■vVr:^^^X 
o«S:»^»5tl 0. 0 U y h;mf*}#L/jo h 

t^oas^m^-^^Hiaffit^ci: »9 or^^-^b i 3t:--^HL 

/Co 

[0 0 4 5] ^l:^0^^Vr:^'7.0irL*^SSf^(^l#^ 

fzo mmsM(r^ii^mttg::b^^y'9-tmm-th\^-9 
issi^R^m^t) <r>^Mt}m.imzLfzi§,m,^m^ 

1 0 ov^^Tf^-tiz^^fzm^^.x. Ty^:=-Tifys(r> 

i/t»^®^2. 8 0 U y b;U:^^Jbl|b59^4. 0 0 'J y h 
r>^-T2;t»75i^^S€L-C;^^tbiEfttl5 55^f^tI h 

^mmm^^i&x^fzo r>v-ym\:if')^^m.^m 
(i. 1 0 0 0 t:=^®x.^iSfi'eag$-^;2)iiT'*^c<i: 

i)^h. ±M<r>]tm'^\'klELXJf5L^^^h/< y "7 r^U^Jt 
;^-ii:riSia/<'y 7 rS. *vMi|§7fe1t«tcS(?i"f^ffl;6^ 

^m(ofmiz^fz^x\t^ V V ^^)\^if') ^j^^m^-t 

'^^Affi^^^ >(iS:^i;tfl:?:li^3 0 ^ U U y h^w^i" 
-?)MFC«r|ii.fc^><7)-e^>-5>o ±iBO/<7'7r)SOffM 

40 izmmLfzh') ^^)i^if')y^mmy^ >tit^ mx,h 
itfzMFc<Dmm'^^^j:^i^^M^mM't^o z(omm 

0 ^ »; u 7 h )V{zmm h > -^iu^'u a 

^^SILTSI¥^*^3. 5yt/mhi->2,r> K-T^Mfb^* 

50 T>y-ymitff') ^^mmmit. ±u<r>M^^^m^h 
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EED/^•^'->±(C■r-^•7-Xr'>'^^ - 4- t»R4^c<75 M^H 

)B*®T'0+ -v >; rmmti^ i . i x i o ' ^ c m-^ jM 

(0 0 4 6] h') ji^)l^ifV'^J^imW-i-^:^m/-^rf') 

#LT3£«Oia)KS-7 6 orUfiT^Hir^Co 7 6 0"Clc 
PJit L r 1 0 ^f*, V') if 'J A 

fflTK^oatfitife^ 2 . 0 0 5 U 'J y h t L/io h U 

> V ;U 4 y'J'yJ^ (cyclopenta 
dienyl indium) i-^ts^W^if :^<D!fSL^9^. 

^>'>''yA (Cs Hs In) i:\*immizi>um^-^fc:^ 
T y umm'y ') y ^^-#g^(±m^-*1iiaif u J; 19 e 5 "C 

v'>Ai!g«rEt{#-r*7jc^**XoaEfi(iMFClcJ: l)^^ 

1 2 0 5 'J ■) y h>i-t Ltzo ^^01 1 1 mWM<o%WiS. 

»^(7)mm^i)m^'.^^^m^^iti±¥o 0 . 2 0 r-* o 

fz. Ill mwM<r>is.s:m'^(r>imuizmm^m'^r. 

iSftt; UT*^ 1 0 0 p p m (i^m'S75»m) (OvJ^f-;!- 
( (C2 Hs ) 2Z n) ?:#trS|iES7K.^**^?rl^ 

j^*?:ft^4. 0 0 'J y L, ^>!r, ^^5. 0 0 

'j y h ;i'Og£a«5:^c3l t7)i'=r>t ii^hmtSL ? ft-&BKS 

I& ( (C2 Hs ) 2 Zn) ^-i-tr7K^**^<0^4«± 1 5 

<OJ?.?-«)8?:f^6. 4%tL5.offi&^ (Zn) Ti^K-bT 
> 5^ $ iifc > V /.■^;fraft -^^ A)B Sr|#^Co 
[0 0 4 7] CKO^I^r^ft^TT-lifbiia'f > v'-^A-t-W 
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s I Ms^wutRn(±\ msii-oy'y-i^'tmm.it 

■z(D'{ >iJ'^A^^m.itif') •yi^mii^itmrn^^ 
m-t^tmm. m^%±^tLxtimt^fzt6itm^^^ 
mm^^mLfzo ±ii<omm(r>^ y'j'^i^^mm.itif'} 

-^^AlfUfSLRS 2 5 nmCO'vi; K$ 't'A (He 

-cd) i'-'>r±im^Lfzmi~(i. sistij^-v^Tf- 

JO i'?^K$r*-)4 4 5 n m t ^»fec07 * h 5 y -t > 

X (PL) i&TfeA^m^L^^co -f A cojSKrat; 
^^±ig«!)e>^^4/i•>o/co ±tfit(Hi-<r)»itl:^12t=-c-, iii 

m7tiii<r>i&m^^<r)mi^\^mim^Lxmzmmi: X n 
±t-ri,4 >i^''y^>'^mmitif') 'yj^mxn. ±fs<ow 

{-jtesL. J: ^)ffl-^sfflu^^f L^co mmnmz 0 0 n 

ft''C>^S5r#^j4 2 0 - 4 3 0 nmi:-r^.»fel§ 

t^h-r. m-f^^^i^rizn^^xi>mhix^PL^±^ 
mii^ yy'^^^^m.itif') 'y^mommizm<ik^-r 

fc* - ^' (± 5 i - S^Sgfl t ^fi^ -r ^ € o t «5g ? ti ;t 
S^itHicTJ; •)P^i:4^<7?l±^®<o^7 + n 
JO v-±OMSr-ab^o e(?«r/h m*v^, g*® 

iD^ft:**') '^'A^tcO^MT-l&i-r^lll ^7C^<^>Kjg 
(droplet) l,zmmLX^±-t^cr)i)\ ■(fecOfEH 

®lc#^^^c<7>fc yDj!'75^^^4<a.offi®K(-ffitL-5.4 5 
0 nmffl«^OWfel&3fe^M1-^l&*^<OffM^*llL^w 
**iStRltCi«-v>TI±. l)l«:-fl^ScOgllS:JifE<7)in< 5 
O.nmi: L^o 

40 [0 0 4 8] -f > v'^'Aj^jljDa'ft:**') 't'AgOfiKSIi. 
^R^rt'^<^ V ^' o ^ > ? V jn ;p -f > V A <7)mi}B i 

>^^ig<D§ti^S:fltihL/cf*. i^ai3l«aS«r7 6 CCIC 

Site 1 ^ra, Agtif&iE#<7>^g,^,-.Oi^^SnS:^a 
Ltzo ^<r>tk. if')^i^WM^f^..<r)^9iJh'^<r)mmi 
f?ih L fc^cB-e r V * - T OT* u ^5 ^ *n X -r 

iaS^SO-'l 1 0 0'C(-Ji#$-ii-fCo 7 6 OX^-fy-h 1 1 
OO'C-^Ji, ^iPiftffl <7)t- 6 ;f 
50 -A (n) flJ^i:i-^-t7 5 yr^Sk-^J^VjO H- 
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ffMufijffl Liz h ') ji^>uif>) <y i.<r>m^lSim^^i~ i. 
m ^ RKft^. uv^tin LxmitT)v 5 - a • if')'^u 

)£SS:'^<OSt*&it;p*r;l-5-'i'AaiSJt?rO. 2 0 t 
i--E.gftT;l'5-'^/. • ArSe^B (A 1 0.20 G a 

0.80N) ^^IKJiSt-e^^lfUIIISL^-ro h 'J > 

T;u5-'t^Aoa^jt*o. 2 0 ti-'SMfbT^u^-'t; 

A • ArSa^d i^^^ if >; -^7 A s.J/r ;u 5 - a 

<7)r^*Di- ^ r -ii- ^ - '^7 A |!Sf*-r -I) ^ <r > ^'fflTk 

m-^Oi^iD^rf^itL^'Co T;U5^>t7A(liH-««&fflO;ic3g 

mZ'0\.^X<nm^^Mm<7)mWli5 O nmr-*)o;'^o BP 

t,, T;P5-'i7Aa)S:o^^^its*-t-i6T<7>^-ffcr^u 

5^';7 A • **'J 't7AilB^ScO'g-tt<7)SiP(i 1 3 0 nmT- 
[0 0 4 9] ±fa<7)M-ftT )l'S.-'yA-ifU'y Ajla^S 

offM ^ 'J A s T 5 - -^7 J^WMcoi&m?f.^<ni^. 

3i««>aR**6 0 ox:iz^f&mizi^^^tifc9^<^.X'. m 

9:7h^(r> T > * - r (nmm i f?ih L T . KJZ-^ {Z (i 

i^h^^-vm'^^^mzi^At^ 2EiR«Lf^o «f*<±s 
\zi.i±%^^ff)mi^^^i:mz'iks msLiw.^'i^9v^ 
[0 0 5 01 ::<oj^J^^+->^^«<os«Bi-(±^!e* 
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iz§.'j,-tii^mk<r>mi&:i)m'&:Ltzii<r><r>. mm±.^<r> 

{zffv^ffe^ \.z^mti)m^TL.tz o t ite? k^co 

HEED (swm^-siiiw) ^<9->i)^h. mm^im^ 
^BX'i,i,z t li^m. mm^f&<ommi)'4-^^^m^Bii.iz 

J; n mm.^nfzj^i!: ;u^c7?Sifm t e m 

JO mmm'FmMm mm.^m<r>m^mx'^i,o i^hictp 
■rmz^ M-ft;**'j -^Az-iy 7 (102) u^ga-r-5> 
m»imi^t^j:K>xm.{i^^iix^^fzo zixa. ^vr^ 

r^WL (10 1) i:cot&^7i^K^(-±lcSgSLT||± 

(12 6) 0(ai:^i:•■;>«Sf^:**'; ■!'A/^- y 7 re (10 
2) l*Itci]Rin{$itLTV»-&c:t 4:^i-^><7)T-2b-2)o t^w, 

^ < y 7 r e \zmi ? ^x-f t;±gii<75fifi; «j ^ A m^^^m 

(117) tcfEie-r'5)*Kfi^jg.i6P>tL^^>co<o, -c-cT?:*: 
|5'ii<7)tef±i±M'fk**u 'i' AfiKse (117) (r>^MX)v 
20 -7* ( 1 o o p) «rB*Lr*T:^[&iic^fi'Lajli-s 

ti-i>iiffe^)aft:*''; t7Afi£sg (117) rtoffi^T'-e 

fiK $ tLTt fcf ^ -> -v ;Hi(±Mft:^ -> A^ftS Jiicii 

«L/iY > v-^AfSJDSft**'; Af§7fe^iifeOf(zaffc;r 

;u 5 ^ A • # 'J A iEB^aS izmmm-t i. tefeT^sfiM ^ 

^^;t^S^4^;«^^7t t o t ^ o /io aie ^' # -> ;Hi<0 

50 ')'y^i^^m<r>miz\£y h<D'j'-'i:y^^mmmmi>z9k*t^m 
m-'&]^^w.[^^<r>m^miuz X ^x i>fzh ^fi^^ 

tS ^J^f^^t) «r o TfflSU L T =fc ^ M^^^^m^hm 

^m^im^x\'^i>fzibX'$,^ trnwi^fy-izo 
[0 0 5 1] ^kiz'tryr^rms.i.izmn^ixizi&mm 

O^MtZiajttT-rr^^ v-^/A (Mg) 
40 &4 >-ii.Xlimi±m^W,l±i 2 0 0 ^n.1t-;i. h t-r^ 
->'^7A^5j->lSt-t'5)H#:v-;^ (source) ST 

jfeLfco aftT;p5->i'A • if')'y^ii^mmmj:<owc 

^mmz-7ir^^i^'yA^^>i:mX-ri>i-ztf)<r>mi^S 
l±*D3$aJE?r 1 6 O^o*-^' h (KV) t K-X 
(dose)*Sr4. 0 X 1 0 ' * c m-^ i: LT^M L 
/Co ^ItTJ: •)S®ia(-»2S10-7^^;T.->.t7A;4fiiA 
50 $*t7t«JSS:f^«Lfco »2ea<0iiAJ±lnijimjE* 1 



-14- 



• 27 

3 0^n*-;i. h t LK-X1:$:2. 0X1 O'^cm-zt 

2. 0 X 1 0'3 c m-2c0^frTr*^3gg<7)^':t>jiA 
iS L 7t o *nit EE * Mb $ Hi-T i£A-r -2) W (i -7 i^* ;T. V 

^(projection range) ^WM^Th fz 

ibTi)i>o K - xs I - ^ tjD ^ c7) (± ^mmm 
[0 0 5 2J ^:t>-mKm. ^^y-mx^mLtzm^tr 

7*9X-7C VDS^^®?g (-7^^XJm X/N°y5";> 

^ > x/N- y i"j > i^ftic J; 0 ?f^^ L fco mmtm 10 0 

nmT% Jtig^)l^±i^i5J:'^, 10$';+-A (mfi) g 

@*ita»vi2ka'i;pi*3r-s^??:H»:4'-ciasi o 8 oru 

J^-</''T3 0 53-ra(zat9, r--;u^aiS«rifeL;to wttti 
a s-g r own^^ci^.-enff^T'*o?tS'fkr;i'5 
• t7AiiB^B)l* + ^';T!SK*^J4jLT^2 

a*<r)ai^«iS-c(±, r;w5-'5A<oa^Jto. 2 o fc 

10 0 5 41 nf^-f > v-t^A-t-^a^k^-'J ■5A%3t^ t 
^ > ?± Ail?- S: ffiliftf -5 C t U J: o -C p ff^ft L 7t a 

« X ±f e «0 i e 5^ ^ -> -V / ^ ( C (7) / ^• ^' - ^ > 

T;i'n'>/>5'V (CH4 ) /*.^a.'&*-X5r 

9 >mmM<r>-ummz{t^ 9 > (xi) stjp^^jjs 

0 0 nmt;*£iFLT*?^<?)**>T''f ^i^fflv^ y KSB«-« 

(- r ;u ^-'^u im^mm-ti ^ t ^ t o-ctM l/>:o 

(0 0 5 51 ii:S2 >^<0^<DlJ(?:^®tCffM$*l 
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fz^l 2 0 0 0fflco*^>3 5 0/um:ft<OLED^ 7 v'tco 
m^6^«^^!t$14. ^$icp nS^^SFtt^at^o^-n- 
lf >^'-?S(cJ; O^^Lt^Co HI 5(ia#wif9i^a-e»t> 

n/t3|s:*i£«a|lcf5«<OL EDOft*fl<>^^ai-'^E ( I 

-V) #14T-iboT. IE#4'S-irLl4**?»'^>^xT«/^-?.o H 

jii:'3ifiimi± (-tet-ie-tvf T'R^n^) (i^jfc (1^ 

#:) ^^<0 9 0%?r)ISx.'?)*?tIov>T 3. 7 0 h 
JO i0^.^n^tLfzi^3 0 0 0m<^'LEDff)W-i^(7)myj^ 

m,!±.mi 3. 8 ^'^u- h t ^ o y-co myj^mKA"^ 4 h 

SriE-SLEDtiJ^Vf 5':^^v^;i/a<7)ffi<^^SP (*^ 

^m''±ti<o'mi±'^mm\Ht^j:':>fzo tfz. ^rnm^M.^ 
\ o-r^ ^ur>^T (ft A) tLfzm^<om:^'i^<r>m 

EE (mi^m'^S.) (±5 VSr®x.Tv^fCo 0iJx.l4\ ia!:^r6] 
^HE (iS-f- V r-*$ z t ;65~#v>) 75* 3 - 4 h t 
fev^fiitJEco L E D ^) L ;t tvi± Ji e + -> -v 

tf ^->^;L'^ (7) 41 ^gp^Jfe CO ^ colt ^jg:(.Wr <75 
ffi:BtEOLEDco^FlEt±#*T'ibc.fCo fiP*>, ®»SlS5r 
15^ < i f J' * V -v ;Hl<0(atJ^«(CS ») jE«t p nS^ 
^ttt=£r*1-*LED;6*f^S»SinfCo f J' * -> ^ ;WS ?: 

m*'^m^j:i>ff>x^i,t. \£y hi-fi-Lfzmj-wii'^m.T^ 

I m^im^mwm <b l e d ^^to ji tr ^ -> ^ 

JKfig-t ^ c t **-c- ^i>^tf)m'^\.~7r^^nfzo 

[0 0 5 6] '>:U±fELEDU)il:^|fi]«jt$rjtat5l* 
'C>?ftSt±*^J 4 4 5 n m-C* «5 , ^^fcfeliWfer-*^ C 

t -hmm ^fitzo >! <o%3t4''i:^?ftsi±fli:^[6i«i/tffi** 5 

mAr-|±*^j4 4 3 nm-C*l), 5 0 m At-li 4 4 0 n m 

40 ^mtimiOhtl^j:A-ofZo »*«S<7)®rt5t*(±/h$ 
< . 9!lx.tfSiat~J?'V>r«l:^|fi]i:iS^ 2 O mA t Lfzm 
4 4 5±2 nmOteHt^^dtitmt U/wLED<0(a 
tJ^a 09 0%) 7»«JRSS$jx-5ig, J*;-r-*ofc„ i 

fjC<Ocf-L«?Sft<OWfe|§jti:SPx.s iSS$:f?j3 8 0-3 

9 0 nmt-t-i.ia^^'j.^^oifejtibi^jM^tt/co m:^m 

®S£**5 OmAJilT-CJiC<Oja^<'|.«;«Of&^X'<^' h 
tliU-f}--otzo ttz^ l&*+-C^?SS(±jiJ5eia)S (LED 
50 JSSrSiSTi^ibjfi^'^'i "^A (He) aS<04. 2 K 
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2 nmm.mX-^-ofZo ^^m\~m^ ^ ^ < y y r m i 
Ltz\\\ ^'M.it^^^W^ t: J' # -> ;u / # 

*i.^LED<o#gi(±. mit'¥-L-WL^(ni^-m-im^. m 

[0 0 5 7] {)mm 2 ) m^e<i#i4SJ>*ffe3fc!if It ^it 

»x. Tt: 1 1 1 mmim^mw-^ f 5' ^ -> ^ ;w t, l 

^:Klfef*ifei>*t--?-tL f, o i If + V A- ;H1 Srff^fiKi- ;5) 

ie«0|*l§i:^<l^-t Lf>:o 
[0 0 5 8] Jt«C0B2tCi«'tt^/<y7rS(±|life0!l4 t 
rai:<-9-7r'rTC®*«±t-SlS7 S CC-C-Bglft?* 

h 'J^^;!^**'; -^ASTft^s ^ 'J y h;KO/<7*'J 

0. 7 M 7 L/Co V/lll JtlifieoT. 2. 3x 

1 0 5 t *te0lJ 4 tzitgci-^x(i*Sj l/At^i-otZo Wim 

**xofig:gs:)£<^.'^o?3sj!}n?:4 o^r^^^LT, 

1 1 0 nmfc-r*Mfl:#'';'t'A>'<y7rlBi£-»fCo 
7r®(±as-grow nimX-m~. JiWM-h^-kmt 
^ 0 , Sfaff*i5:0'&»M («-^#®) (4 (0 0 0 1) 

(J^^tU LT-^Jt LTV^-& i tTi^^J?^ Ltzo ^^mm<T) 

-E- <> f&^-^r^^^o gi ^ (z * ^ -t^- 7 T r ^ i: 
7T«o^ftia«<o±#u(#v»ii±-r-5. sgvM4M#ra 

^tcMoTliv^iiv^o :*:Jt^0a(zJ«'«t^y<y 7 rJSJiH 
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JO 

«0»,#.l-K^v^T. *Jfi1?lJ 4 (ZK|feO/<- y 7 T^O-ettt, 
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